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Abstract 
It is expected that coal will play a significant role in many large industrial applications (including electricity generation) 
in India until 2050, at least, despite measures to significantly increase the role of other energy sources. Although CCS is 
not currently seen as an immediate domestic priority for the Indian Government or industry, stakeholders participating 
in a research survey do expect it to become more important in the future, particularly for industry. Thus, it is appropriate 
to consider whether CCS is a technically feasible option for India and, if so, if and when it should be used. 
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1.Introduction 
Presently, developing countries are faced with a major dilemma: they have to cope with the 
adverse impacts of climate change and consider whether they should take action to mitigate the risk 
of more extreme impacts in the future while at the same time reducing poverty. India illustrates the 
nature of this challenge and improved living standards in India are currently inherently linked with 
an increase in energy demand.  This rise in energy demand has led to an increase in India’s overall 
CO2 emissions, since the vast majority of the energy increase has, so far, been met by increased use 
of fossil fuels. Over 70% of India’s carbon emissions are associated with the burning of fossil fuels, 
with a significant proportion of these associated with coal-fired power plants [1].  
This paper reports results from a desk study and survey-based exploration of stakeholder 
views on the suitability of Carbon Capture and Storage (CCS) for India and how CCS could be 
developed and deployed. In particular, it examines whether CCS could be a suitable option for India 
and, if so, what role would be appropriate for various stakeholders, including developed countries, 
to play in its development within India. The page numbers given for quotes included in the rest of 
this text refer to the location of these quotes in a full report of this work [2]. 
2.Methods 
Qualitative data was gathered by surveying a wide range of stakeholders with different 
levels of experience and previous knowledge of the energy sector and CCS. The survey was 
conducted in May/June 2009, and it was designed to explore stakeholder views on the suitability of 
CCS for India and how the technology could be developed and deployed, if it were deemed to be 
appropriate for the Indian context.  
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The survey comprised of three sections, seventeen question in total, where a combination of 
multiple-choice, ranking and open-ended questions were used to gather expert opinions on a range 
of energy-related issues. This included opinions on the importance of climate change and energy 
security to India, views on how India’s energy landscape is expected to develop by 2050, and 
whether CCS might have a role to play in it. In the third section, questions were used to collect 
information regarding the participants, such as their profession and the focus of their work, in order 
to highlight any significant differences between perspectives of different stakeholder groups. 
Stakeholders were categorized into two tiers, where an equal number from each tier were 
invited to participate in the research. Tier one stakeholders were defined as those who directly work 
on energy and environmental issues in India, and who would either be affected by or could 
influence the development of CCS in India. Tier two stakeholders were those that were not directly 
involved with energy and environmental issues in India, though have been in the past and hold an 
interest in how CCS may develop in India in the future as it may affect their work. A total of 
eighteen stakeholders, largely from the tier one category and the energy sector, responded to the 
survey. There was a diverse set of respondents that included academic researchers, policy analysts, 
technical experts and business planners (Figure 1). 
Figure 1 Background of survey participants by (a) whether they work directly in the energy field, (b) the main focus of their work in the energy 
field, and (c) their profession. 
a) Work in Energy?
Energy 
Not energy 
b) Main focus in field? Education &
Research
Renewables
Oil & Gas
Power
Coal
Policy &
Regulation
Financing
c) Profession?
Academic
Researcher
Technical
Expert
Lobbyist
Business
Planner
Policy Analyst
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3.Results 
The results from the questionnaire are given and discussed in two sections, which reflect the 
structure of the survey. The first section focuses on India’s energy landscape, and the second 
section looks specifically at CCS in India. In the first section, the results begin with answers to 
questions regarding perceived attitudes towards climate change mitigation and energy security 
concerns in India. A few questions from this section of the survey also looked at what kind of low 
carbon technology options were being considered. Results given in the second section are from a 
series of questions that concentrated on CCS technology and whether it may have a role within 
India’s energy landscape. In addition, some questions explored in detail the issues surrounding CCS 
deployment, if it were decided to be suitable within the Indian context. 
3.1. India’s energy landscape 
3.1.1. Mitigation and security 
All participants expressed a concern about climate change mitigation and energy security in 
India, stating that these two challenges would need to be addressed jointly. The concerns centred on 
India’s increasing energy demand for economic development, coupled with the impacts of climate 
change that would largely affect the poor. Only one respondent stressed the importance of India’s 
development and its energy policy having “a significant impact on global climate.” p23 
 In regards to India’s energy landscape, participants were largely of the opinion that coal 
would be the most important resource to meet the country’s energy demand in the foreseeable 
future (through to 2050), particularly the power sector, which would be largely responsible for 
India’s carbon dioxide emissions.  In terms of electricity generation, Table 1 illustrates that coal 
seems likely to remain “king” of resources for several decades, though nuclear is expected to have 
more of a presence in the energy mix by 2050.  
 
Table 1 Question: In your opinion, what energy resources are most important to meet the electricity demand of 
India and how might this change? Please identify the three most important resources and rank them in the order 
in which you expect them to contribute to India’s electricity supply mix (where 1 is ‘most significant 
contribution’). (Options: Oil, Gas, Coal, Traditional Biomass, Other Biomass, Hydro, Renewables, Nuclear, Other, I 
don’t know) 
Rank Now 2030 2050 
1 Coal Coal Coal 
2 Hydro Hydro Nuclear 
3 Nuclear Nuclear Hydro & Renewables 
 
Furthermore, it was commented, “the heavy industry sector is very dependent on coal and 
gas base thermal power plants. Their approach of climate change mitigation at present is by 
supplementing a small fraction of renewable energy sources at remote suitable sites. The abatement 
by capturing is not very high on the agenda at present despite conferences and debates at national 
and international level.”p28 
Moreover, it was pointed out that “40% of [the] population still do not have access to 
electricity; therefore power generation, [transmission and distribution], and rural electrification will 
remain the priority area.”p25 Most participants regarded limited/no access to electricity for the rural 
population as the primary present energy security concern for the present in India. By 2030 and 
through to 2050, however, respondents ranked the dependence on imported oil and other fossil fuels 
such as coal and gas as India’s principal energy security concern (Table 2).  
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Table 2 Question: In your opinion, what are the main energy security concerns for India now and how might this 
change in the future? Please identify the three most important concerns and rank them (where 1 is ‘highest level 
of concern for India’). (Lack of diversity in sources of energy supply, Limited or no access to electricity for large rural 
population, Inadequate energy infrastructure, Highly dependent on imported oil, Highly dependent on imported gas, 
Highly dependent on imported coal, highly dependent on traditional biomass, Other, I don’t know). 
Rank Now 2030 2050 
1 Limited/no access to rural 
population 
Dependence on imported oil, 
gas & coal 
Dependence on imported oil, gas 
& coal 
2 Dependence on imported oil Inadequate energy 
infrastructure 
Inadequate energy infrastructure 
3 Inadequate energy 
infrastructure 
Limited/no access to rural 
population 
Limited/no access to rural 
population 
 
With India’s huge energy demand, a few respondents commented that both centralised and 
decentralised energy systems would need to be considered.  The potential complexity of managing 
diverse, decentralised electricity and energy systems will require careful planning to ensure 
effective use of these systems, while providing secure energy supply. 
3.1.2. Low carbon technology options 
In regards to investment for developing particular energy technologies, priorities seem to differ 
between government and the private sector industry. Respondents expect the Indian Government to 
concentrate its investment into nuclear and solar technologies through to 2050 (Table 3). CCS was 
ranked as the third investment priority by the Government by 2050, where one respondent noted 
that “CCS will remain at the end of the technology spectrum, as it reduces the energy efficiency of 
the plant, in an already energy deficit country.”p27 In contrast, stakeholders thought that private 
sector industry in India would start giving more investment priority to CCS technology by 2030, 
and by 2050 it was ranked as the top investment priority.  
 
Table 3 Question: If India is planning to invest in a low-carbon and energy secure future, then which 
technologies will be given investment priority for development by the Indian Government/private sector industry 
in India, and how might this change in the future? Please identify the three most important technologies and 
rank them (where 1 is ‘likely to be given highest priority’). (Options: Wind Energy, Solar, Marine Energy, Hydro, 
Nuclear, CCS, Geothermal, Microgeneration, Other, I don’t know). 
 Indian Government Private Sector Industry in India 
Rank Now 2030 2050 Now 2030 2050 
1 Nuclear & 
Hydro 
Solar Solar & 
Nuclear 
Solar & Wind Solar & CCS CCS 
2 Wind Nuclear Hydro Hydro Wind & Hydro Solar 
3 Solar CCS & Hydro CCS Microgen Microgen Nuclear 
 
However, it is important to note that a number of, respondents commented on the difficulty of 
gauging what direction private industry would take in the future, and that, compared to the 
Government, it was likely to play a much smaller role in low carbon technologies. One stakeholder 
was of the opinion that: “Private Sector Participation (PSP) in low carbon technologies will depend 
on the incentive scheme, policies framed for the shift in technologies, coordinated working amongst 
various regulatory authorities/agencies along with the infrastructure to support it. While there are 
regulations in place for open access, in reality these are not available. In the case of wind, the 
transmission and distribution network is inefficient, transmission lines are supposed to be provided 
by the private sector, an additional cost to industry! In the case of hydropower plant, land 
acquisition and [rules and regulation] issues delay the projects. From conception to commissioning, 
it can take nearly 3-5 years, which delays the overall energy availability. Other alternative 
technologies – tidal, geothermal, etc. only have pilot projects of 1MW or so, which does not make 
them feasible for PSP.”p29 
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3.2. CCS and its potential in India 
3.2.1. Financing and investment 
When considering the existing financial mechanisms, e.g. CDM (clean development 
mechanism) and carbon markets, the majority of the respondents felt that they were insufficient to 
support and promote clean energy solutions. One respondent was of the opinion that “CDM and 
carbon markets of the future will not give enough support to CCS, for which investment is much 
higher than other low carbon technologies.”p30 Another respondent supported this statement further 
by commenting on “policy changes that allow CCS to be part of the CDM will be insufficient due to 
the energy penalty of the technology”p31 
A very large proportion of the respondents believed that the international community was not 
doing enough to create a suitable framework for facilitating technology transfer. Overall, the 
process of technology transfer was met with some scepticism, and was generally considered as a 
means for directing funds to a private company, “which in turn charges large amounts as fees to 
share the knowledge of the technology”p31 In the context of CCS, one stakeholder suggested, “the 
Doha declaration on Environmental Goods and Services [needed] to be brought into line with 
carbon capture technologies to reduce the trade barriers, so that transfer of technology can penetrate 
at a faster pace”p31 Another respondent added, “technology transfer is a difficult issue due to the 
corporate structure of many energy companies and equipment suppliers, especially when met by 
large nationalised companies”p31  
In contrast, stakeholders had mixed opinions regarding the international community’s role in 
promoting technology R&D. Several respondents pointed out that actually international R&D was 
not the issue, as that seemed to be set in place, and that rather it was the transfer process, as well as, 
nationally appropriate energy research that needed more attention. It was noted that the 
“development of solutions required [needed] to be more specific/designed for India – the 
technology needs to be appropriate”p31 
The financing of CCS, both initial projects and those for wider deployment, was also 
highlighted as a major issue. Respondents were asked give their opinions and rank the three most 
important groups that they considered should be supporting CCS projects.  Costs considered 
training of personnel as well as the financing of projects, and the results are given in Table 4.  
The majority of the respondents felt that developed country governments should support the 
training and financing of initial CCS projects in India. In regards to wider deployment of CCS 
projects, private industry from developed countries was ranked highest for taking responsibility for 
training costs. Financing of projects for wider deployment were still thought to be primarily the 
responsibility of developed country governments, however the Indian Government and private 
sector were ranked as second in terms of carrying the costs. One stakeholder suggested that there 
should be “a general model of education followed by handing over responsibility and cost to the 
Indian Government and private sector, once the technology has been proven for deployment in 
India and [the] technology/cost risks [have been] minimised”p32 However, it needs to be noted that 
several of the respondents felt that there should have been another separate category in the survey 
for ‘International Finance Institutions.’ Suggestions included the World Bank, International 
Monetary Fund, and the Asian Development Bank, and it appears that if this category had been 
available, then it would be likely that these organisations would have appeared in the rankings of 
groups that should take a role in financing CCS projects. 
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Table 4 Question: Imagine that developed countries have demonstrated the full CCS chain to be safe, secure and 
functional at a large scale. If India were willing to try out the technology in some initial projects and then decides 
that wider deployment would be appropriate, then who should be responsible for covering costs and providing 
training for the following aspects? Aspects: (a) training for initial projects; (b) financing for initial projects; (c) 
training for wider deployment; (d) finance for wider deployment. (The three most important groups that should 
make a contribution are developed country governments/developed country private sector/developed country 
public/Indian Government/Indian private sector/Indian public/other). 
Rank Training for initial 
projects 
Finance for initial 
projects 
Training for 
deployment 
Finance for 
deployment 
1 Developed country 
governments 
Developed country 
governments 
Developed country 
private industry 
Developed country 
governments 
2 Developed country 
private industry 
Developed country 
private industry 
Developed country 
governments 
Indian Government & 
private sector 
3 Indian Government Indian private sector Indian Government Developed country 
private industry 
 
When looking in-depth at the role of developed countries (e.g. EU, USA etc.) in supporting the 
development and deployment of low-carbon technologies, the respondents were asked to suggest 
important actions, if it were decided that CCS was suitable in the Indian context. Stakeholders were 
largely of the opinion that CCS demonstration plants should be constructed and operated in 
developed countries first, and then should be followed by funding a demonstration plant in India. 
For example, one stakeholder stressed that demonstrating CCS at scale in developed nations first 
was important since otherwise the “political acceptance of [the] technology will be an uphill task 
and long winded.”p34  
Survey respondents also insisted that if any technology were to be developed and deployed, 
then it was imperative for it to “be appropriate for India (in terms of geography, society, 
development)”p33 One stakeholder was of the opinion that in order to achieve such projects, “full 
engagement and collaboration [would be] required” whereby “India [could get] part ownership of 
the technologies”p33 A fair number of stakeholders stressed the importance of intellectual property 
rights (IPR), stating that it was important for developed countries to promote technologies that 
could develop “possible IPR with [the] Indian Government or public sector so as to make the 
technology available at affordable costs”p34  It was further suggested that it would be useful to 
facilitate “vendor to vendor transfer of technology for components and/or CCS”, giving India a role 
as more of a low-cost manufacturing hubp33.  
3.2.2. Significant challenges 
Finally, stakeholders were asked to identify the most significant challenges to implementing 
CCS technology in India, and then to rank them in order of importance in the context of initial 
projects and for widespread deployment. The ‘top five challenges’ that were thought to be most 
significant by the respondents are highlighted in Table 5.  
 
Table 5 Question: In your opinion, what are the most significant challenges to implementing CCS technology in 
India? Please identify and rank the challenges that you think are most important in the context of initial projects 
and for widespread deployment. (The top challenges to implementing CCS are technology readiness/construction 
costs/running costs/availability of skilled people/safety of carbon dioxide capture processes/safety of carbon dioxide 
transport/safety of geological storage carbon dioxide/public acceptability/political acceptability/financing mechanisms 
(e.g. loans, CDM etc.)/water supply/inadequate geological storage capacity/high-ash content in Indian coal/other/I 
don’t know).  
Rank Initial projects Widespread deployment 
1 Technology readiness Technology readiness 
2 Construction & running costs Inadequate geological storage capacity 
3 Political acceptability Construction & running costs 
4 Financing mechanisms Political acceptability 
5 Safety of geological storage Safety of geological storage 
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It should be noted that some of the respondents thought that these options were not mutually 
exclusive, giving the example that as technology develops, then changes in costs can also be 
expected. Additional comments gave the impression that CCS is quite far from being considered as 
an option for India.  It was suggested that it first has to be promoted at the government policy level, 
then at the public level, or possibly at both levels simultaneously. ‘Technology readiness’ was 
regarded as the most significant challenge, both for initial projects and widespread deployment, 
where a majority stressed that CCS needed to be technologically demonstrated in developed 
countries before it could be considered in the Indian context. Specifically, it was thought that 
combining CCS with low efficiency plants would result in an even further reduction of overall 
efficiency. One respondent commented, “due to the age of the plants in India, their efficiency is 
about 35% and therefore not suitable for CCS, as 40% is recommended as a good figure for 
installing capture capability.”p35 It should be noted, however, that recent work on retrofitting CO2 
capture to power plants has suggested that base power plant efficiency is likely to be less important 
than is suggested in much of the existing literature [3]. 
Another significant challenge identified by respondents was the quality of Indian coal and, 
in particular, how CCS would cope with the high ash content of Indian coal, rather than being 
applied entirely on imported coal. One respondent noted that “due to the characteristics of Indian 
coal, the technologies being developed in the West, such as IGCC, might not be a viable option for 
India [due to the loss of efficiency by using high-ash coal], but post-combustion capture might be a 
good option.”p35 Overall, stakeholders suggested that if India were to seriously consider adopting 
the technology, then R&D would have to be specific to Indian coal. ‘Construction and running 
costs’ were also considered as a major challenge, with CCS viewed to be too expensive in its 
current state. Potential consequences were listed as “additional fossil fuel emission, auxiliary power 
consumption, deterioration in efficiency of the generation and the cost involved in supplementing 
the generation due to the loss of efficiency.”p35 
Regarding the concept of ‘capture readiness’, one respondent was of the opinion that 
“building a power plant that is ‘capture-ready’ makes it less efficient by 1.5% because of turbine 
design, which has to allow for the secondary stream of steam for the capture facility. Cumulatively, 
these losses could be substantial since the losses will have to be borne until the capture facility is in 
place (which could take ten years or more), and there is no certainty that the plant will be fitted with 
the capture facility in the future.”p35 Lucquiaud and Gibbins [4] have, however, shown that capture-
ready designs that do not require significant compromises in pre-retrofit power plant efficiency or 
cost are possible. 
Additional comments highlighted a few other issues that are important for CCS in the Indian 
context.  One stakeholder pointed out that “private power generators such as Reliance have little 
incentive to be involved in CCS since they have no influence over pricing of electricity.”p36 
Furthermore, a general comment was made: “From the Indian point of view CCS has very limited 
application unless this technology is packaged with Enhanced Oil Recovery options. India is setting 
up a number of coast based thermal power plants and all these are going to be of ultra mega size, 
i.e. 4000MW and more. Fortunately, most of these locations are near oil and gas fields. These are 
possible locations where CCS could find an entry. In the land-based power plants, in view its high 
efficiency penalty CCS would make very little sense.”p36 
4. Discussion & Conclusion 
There is a lively debate about whether CCS should be deployed in India.  Coal is likely to 
dominate India’s energy landscape for several decades, despite the increasing contributions to the 
energy mix from other sources. Although there are some significant challenges, it seems likely that 
introducing CO2 capture at Indian power plants could be feasible, especially if it is considered 
appropriate to apply ‘capture ready’ concepts for new build plants. Identifying both suitable storage 
sites and routes for transporting captured CO2 safely to these sites also requires careful 
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consideration. One important factor in shaping views on whether CCS is an appropriate option for 
India is the proposed timing of any deployment of possible projects. In particular, survey 
respondents emphasized that it is necessary for developed countries to demonstrate CCS at 
commercial scale before any commercial-scale CCS projects in India are considered. Most survey 
respondents suggested that any consideration of deployment of CCS in India should be within an 
appropriate international framework, including measures for knowledge sharing and technology 
transfer that consider local conditions carefully. The stakeholders also highlighted the importance of 
establishing methods for early engagement on CCS between India and developed countries. For 
example, one respondent suggested that consideration should be given to establishing local 
knowledge/training centres within India. It was also suggested that developed country governments 
should contribute to financing of both initial projects and wider deployment of CCS in India. This 
could partly be through international finance institutions such as the World Bank, the International 
Monetary Fund and the Asian Development Bank. 
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